This intestinal flora study was a part of the Akakura Study, which was carried out to determine the cadmium (Cd) absorption rate from ordinary diets in humans by comparing Cd content in the diet with that in the feces and urine. This report describes the composition and changes of intestinal bacterial flora among young Japanese females living together in the same dormitory and eating the same Cd-controlled diets. Subjects consumed the same menus designed by a dietician for two weeks. Before and after the study, subjects completed a profile of mood states (POMS) questionnaire to ascertain stress levels. Fecal samples were collected and the flora analyzed at three points during the study. The mean wet and dry weights of feces per day were 98.6 g (74.2-136.7) and 21.0 g (16.3-25.4), respectively. The total number of bacteria did not change significantly during the study period. Bacteroidaceae, Eubacterium, Bifidobacterium, Enterobacteriaceae, Streptococcus and Lactobacillus were recovered from all subjects, while Bacillus and Peptococcaceae were obtained from about half of them. The major components were Bacteroidaceae, Eubacterium, and Bifidobacterium. The next common species were Enterobacteriaceae, Streptococcus, and Peptococcaceae, Lactobacillus, and Clostridium other than C. perfringens. C. perfringens, yeast and Megasphaera were present rarely or occasionally. As a stress level, mean POMS fatigue and depression scores were unchanged throughout the study, the vigor score increased and the tension-anxiety score decreased compared to those before starting the study. There were no significant differences in the composition of fecal flora among individual subjects. The total number of bacteria tended to decrease over time, but the change was not statistically significant. The proportions of Bifidobacterium and Bacteroidaceae tended to increase. Lactobacillus also tended to decrease in all participants, and it was not related to the removal of milk and yogurt from the diet. It is not clear what part of the diet caused these differences.
INTRODUCTION
The human intestinal bacterial flora is composed of 100 trillion viable bacteria (4, 23) . Intestinal flora have various influences on the host's intestinal environment, affecting nutrition, drug efficacy, physiological function, and immunity (9, 12, 26, 29) . The composition of the intestinal flora can be altered by many factors, such as the ingestion of prebiotics and probiotics (8, 9, 23) . Optimal control over intestinal flora is achieved by the active intake of functional foods, such as raffinose oligosaccharides, lactosucrose, calcium gluconate, dietary fiber, and fermented milk (21) . These are considered effective for the prevention of lifestyle-related diseases, such as hypertension, hyperlipidemia, cerebrovascular disease, heart disease, diabetes mellitus, cancer, and osteoporosis. For example, the high consumption of red meat and a high-fat diet are reported to be associated with a high risk of colon cancer (5, 17, 18, 28, 29) . Fat ingestion stimulates bile flow, which in turn specifically stimulates Bacteroides species. Lactobacillus S06 and Eubacterium aerofaciens are significantly associated with a low risk of colon cancer, and total Lactobacillus concentrations are also inversely related to the risk (26) .
This intestinal flora study was a part of the Akakura Study (15) , which was carried out to determine the cadmium (Cd) absorption rate from ordinary diets in humans by comparing Cd content in the diet with that in the feces and urine. This report describes the composition and changes of intestinal bacterial flora among young Japanese females living together in the same dormitory and eating the same Cd-controlled diet for two weeks. another according to a five-day cycle of different dishes (Table 1 ). The subjects were permitted to consume any water, other beverages, and desserts they wished, such as oolong tea, green tea, black tea, coffee, mugi-cha (roasted barley tea), fruit juice, milk, yogurt, yogurt drink, custard pudding, ice cream, and jelly at any time of the day. At each meal, each subject recorded all foods and beverages actually ingested, and these records were checked by registered dieticians. The staff members conducting the study ate the same meals in the same dining room along with the participants. Sample collection. Among the 25 volunteers, nine females were randomly selected for the intestinal flora study. They were 20-23 years old, 157.0 cm (151.0-168.2) in height, and 47.9 kg (40.5-57.4) in body weight (Table 2) . After defecation into a special bag, about 1 g of feces from the midportion of the stool was immediately put in 9 ml of sterile anaerobic solution for transport to the laboratory (21) . The fecal samples were stored at 4°C and transported to Daiwa Pharmaceutical Co., Ltd., for bacterial analysis within 24 hr after collection. Feces were collected three times: on the first day of the study (September 3, baseline of the experiment), on the ninth day (September 12, second sample collection), and on the last day (September 17, third sample collection).
Analysis of fecal flora. Bacterial analysis of the fecal flora was carried out according to the method of Mitsuoka et al. (23, 24) . After the fecal sample detected from each subject was serially diluted ten-fold in an anaerobic diluent, 0.05 ml aliquots of the appropriate dilutions were separately smeared onto three nonselective agar plates (modified Eggerth-Gagnon [EG] ). The seven agar plates (EG, BL, BS, ES, NBGT, LBS, and NN) were incubated at 37°C for 2 days under anaerobic conditions (AnaeroPack system, Mitsubishi Gas Chemical Co., Inc.). The other three agar plates (TS, DHL, and TATAC) were incubated aerobically at 37°C for 2 days. After incubation, the bacteria were identified by colonial and cellular morphologies, Gram reactions, spore formation, and aerobic growth. For each bacterial species identified, the number of bacteria per gram of wet feces was calculated and converted into a logarithmic equivalent. The total viable count was calculated fro the sum of each bacterial species.
Statistics. All data are summarized in Excel (Microsoft) and combined in SPSS databases. The mean, 
RESULTS
The physical characteristics and number steps of the participants in this study are shown in Table 2 . As a mental status, mean POMS fatigue and depression scores were unchanged throughout the study, the vigor Table 4 . Intake of drink and confectionary (/day) during the study (n = 9). Table 5 . Excretion of feces and urine per day in two periods (n = 9).
score increased and the tension-anxiety score decreased compared to those before starting the study (data not shown). Tables 3 and 4 show nutrient intake during the two periods before the fecal collection. Nutrient consumption was essentially the same between the two periods. The mean weight of the total food and drink intake per day in the two periods was 3422 g (2785-4205), in which steamed rice accounted for 460.0 g (265.5-519.4) and beverages for 1142.3 ml/day (433.9-1862.5). Mean caloric intake was 1696 kcal/day (1673-1755), and protein intake was 58.8 g/day (58.5-59.7). The mean sources of energy were lipid, 18.0.% (17.7-18.0), and carbohydrate, 53.6% (53.0-55.0). The mean dietary fiber intake was 18.6 g/day (18.6-18.7). Roasted barley tea, milk, green tea, and oolong tea were consumed more frequently than other beverages. The median wet and dry weight of feces per day in the two periods was not significantly different ( Table  5 ). The median wet and dry weight of feces for 14 days were 98.6 g (74.2-136.7) and 21.0 g (16.3-25.4 g), respectively. None of the participants had complaints of constipation or diarrhea and regularly defecated in the morning every day. Table 6 shows the number and composition of intestinal flora during the Akakura Study. Paired t-tests were carried out between the first and second, second and third, and first and third collections. Bacteroidaceae, Eubacterium, Bifidobacterium, Enterobacteriaceae, Streptococcus, and Lactobacillus were recovered from all subjects, while Bacillus and Peptococcaceae were detected from about half of them. Other bacterial groups were less common at the baseline. The total number of bacteria did not change significantly within this period, ranging from beginning to end at 1010.9, 1010.7, and 1010.6. The major components were Bacteroidaceae at 1010.5, Eubacterium at 109.7, and Bifidobacterium at 109.4. The secondary species were Enterobacteriaceae at 107.1, Streptococcus at 107.6, Peptococcaceae at 109.3, Lactobacillus at 1053, and Clostridium other than C. perfringens at 109.3. C. perfringens, yeast, and Megasphaera were present rarely or occasionally. Most bacterial species showed no significant change in number throughout the experimental period. Figure 1 shows changes in the composition rate among the intestinal flora. This rate did not change significantly, but the rates of Bifidobacterium and Bacteroidaceae tended to increase.
Five students were positive for Bacillus at the first examination, but three of them had become negative by the second. As a whole, Bacillus had significantly decreased by the time of the second and third examinations compared to the first examination. pare them over time, even though they were a small sample. Before and after the study, subjects completed a POMS questionnaire to ascertain stress levels. Mean POMS fatigue and depression scores were unchanged throughout the study, the vigor score increased and the tension-anxiety score decreased compared to those before starting the study. In this study, we were concerned that stressors related to the study and to same living in a lodge for 14 days might change the mental and physical status of the participants, and thereby alter the conditions of their stress and evacuation. We believe that such stressors had no or only a minimal effect on the results of this experiment.
Intestinal bacterial flora has various effects on human health. Mitsuoka (20) reported that floral change even influences the aging process. Mitsuoka and Ohno (22) reported the composition of bacterial flora based on 42 Japanese males, aged 31.8 ± 6.6 years. Our data showed a similar composition, except for the Bacillus, Megasphaera, and yeast, and the total number of bacteria was slightly lower in our study. Peptococcaceae, Clostridium others, C. perfringens, yeast, and Megasphaera were especially lower in our study. This difference may be attributable to the different culture medium used (we did not use M10 medium). Asano et al. (2) reported fecal bacterial flora based on 98 constipated females in their twenties. Nagura et al. (27) reported on the fecal flora of 32 healthy humans (age, 35.2 ± 9.7 years ; M/F, 2/30). In both the Asano and Nagura studies, the numbers of Bifidobacterium, Bacteroidaceae, Eubacterium, and Enterobacteriaceae in fecal flora resembled the numbers in our study.
Living together and sharing the same diet may influence the growth and composition of intestinal bacterial flora; in such situations, variations among individuals were thought to diminish over time. The major composition of fecal flora among individual subjects showed no significant difference from the beginning to the end of our study. The total number of bacteria tended to decrease over time, but the change was not statistically significant. The proportions of Bifidobacterium and Bacteroidaceae tended to increase. It is not clear what part of the diet caused such differences.
The increase in Bifidobacterium suggested an improvement in bacterial flora (6) . The proliferation of Bifidobacterium in the typical Japanese diet has remained a subject of discussion (3, 11, 29) . The carbohydrate consumption and balance of other nutrients in our study were ideal, so these may have provided the intestinal flora with a beneficial environment. Previous studies were performed on rats and other experimental animals, so precise analyses between the ordinary diet and intestinal flora are needed for humans. Generally, typical Western diets are reported to have higher levels of Bacteroides and lower levels of Peptostreptococcus, Ruminococcus, Coprococcus, and Eubacterium (3, 11) . The decrease in Peptostreptococcus under the Western diet was considered to be influenced by meat consumption, whereas Eubacterium seemed to be affected by fat consumption (13) . The change in Bacillus in our study was noteworthy. Bacillus was not detected in mice under a sterilized condition, whereas it was detected in mice bred in a normal usual environment (14) . Suido et al. (31) reported that lecithinase-positive Clostridium and Bacillus in the fecal flora were significantly reduced in healthy volunteers after they drank a green vegetable juice product ("Oishi Aojiru") for three weeks. The meals in the Akakura Study were cooked and vacuumpacked. The decrease in Bacillus in the flora may be attributable to the avoidance of natto (fermented soy bean).
Lactobacillus tended to decrease in all participants, but this was not related to the intake of yogurt or milk. Lactobacillus decreases when beef is consumed frequently (4, 10, 13, 29) , while it abounds in vegetarians and ovo-vegetarians (1, 11, 12) . In the Akakura Study, Bacillus and Lactobacillus decreased in some subjects by the time of the second or third examinations. The reduced consumption of vegetables compared to the subjects' ordinary meals may be the cause of the slight decrease in Lactobacillus. As the high protein intake also caused decreases in both Lactobacillus and Bifidobacterium, the protein-rich diet in our study may also be related to the decrease in Lactobacillus. Lactobacillus increased only in one participant, who consumed more coffee, ice cream, custard pudding, jelly, water, and Chai than the other participants. Her consumption of coffee was 360 ml/day compared to an average of 64 ml/day (17-244) for the others. Her ice cream consumption was 1.1 pack/day, compared with 0.4 pack/day (0.1-0.6) among the others. She was the only student to have yeast and Megasphaera at the baseline, and she had Bacillus at the time of all three examinations, despite not having consumed natto.
Changes in intestinal microbial flora have been reported in Russian cosmonauts. During the preparation phase before one launch and after the flight, distinct decreases were found in Bifidobacterium and Lactobacillus, whereas substantial increases were found in E. coli and Enterobacteria (19) . Nervousness and mental stress seemed to cause such effects. In our study, changes in intestinal flora could not have been influenced by stress. We examined the POMS responses in the self-reported questionnaire to assess the participants' emotions and moods during the experimental period. The scores for fatigue and depression did not change. On the contrary, the scores for feelings of vigor increased, and the scores for tension and anxiety decreased from the baseline of the study. Volunteers were free to spend their time for reading, studying, walking, and participating in athletics. The subjects walked a lot because they were in a beautiful environment around the lodge; most of them walked more than 1 hr per day during the study period. We also hosted recreational activities including sports, lectures, movies, and magazine reading, all of which could alleviate stress among the participants. Staff members were always available to consult with participants to talk about their worries, anxiety, poor physical condition, or difficulty with the fecal sample collection. During the initial studies of fecal flora, it became evident that individuals tended to maintain their own distinctive flora compositions. Although many bacterial species were shared, individuals generally had their own distinct combination, even after drastic changes in diet (23, 25) .
